Formononetin promotes early fracture healing through stimulating angiogenesis by up-regulating VEGFR-2/Flk-1 in a rat fracture model.
Plant-derived phytoestrogens have bone protective effects, but the molecular mechanism behind these effects remains unclear. This study is aimed at fully characterizing the fracture healing process of formononetin, and investigating the mechanism underlying angiogenesis in calluses of a rat fracture model. Femoral fractures were produced in 2-month-old Sprague-Dawley rats. A 20 microg/kg or 200 microg/kg dose of formononetin was orally administrated once a day during the healing period of 21 days. The results showed that in the early stage of chondrogenesis (days 3), formononetin significantly increased the number of vessels, and expression of vascular endothelial growth factor (VEGF) and VEGF receptor 2 (VEGFR-2/flk-1) compared with control. However, the larger dose of formononetin had no significant difference on expression of VEGF and VEGFR-2/Flk-1 compared with that of the smaller dose of formononetin. After 7 days of administration, formononetin markedly induced differentiation of mesenchymal stem cells in the fracture site. After 14 days, gene expression of mesenchymal progenitors such as alkaline phosphatase (ALP), osteocalcin (OCN), osteopontin (OPN) and collagen type I (Col I), indicating osteogenic differentiation, was markedly stimulated by formononetin compared with control. These results suggest that formononetin promotes early fracture healing through angiogenesis activation in the early stage of fracture repair, and osteogenesis acceleration in the later stages, and thus may be beneficial for fracture healing.